Purpose: To non-invasively study the sensory nerve conduction of the caudal nerve of normal developing rats. Methods: Twenty normal Wistar male rats served as subjects. Caudal nerve conduction studies were performed at 60 days from birth and weekly at end of six consecutive weeks. The caudal nerve was stimulated distally and nerve potentials were recorded proximally on the animal's tail using common "alligator" clips as surface electrodes. Results: The amplitude and the conduction velocity of the caudal nerve sensory action potential increased linearly from 29±6 µV to 85±13 µV and from 34±3 m/s to 44±4 m/s, respectively, between the 8th and the 15th week of life. The equations of linear regressions were as followed: Amplitude (µV) = 8.1 × weeks -34 (R 2 = 0.99) and NCV (m/s) = 1.2 × weeks + 25 (R 2 = 0.86). Conclusions: It was possible to study non-invasively the sensitive conduction of the caudal nerve of normal developing rats and describe reference values. The technique and data may be used as animal model in physiological and pathological studies. Key words: Neural Conduction. Electrodiagnosis. Rats.
Introduction
Electrophysiological conduction studies of peripheral nerves are often used in animal experimental models and human clinical assessments 1 . The caudal, saphenous, sural, sciatic, tibial, fibular and facial are the nerves most commonly accessed in animals [2] [3] [4] [5] . The literature has described several methods of nerve conduction studies, including their respective reference values 6, 7 .
The technique varies according to the nerve to be studied and the method used for stimulating the nerve and recording the potentials. When attached to the skin, surface electrodes allow a non-invasive assessment of the nerve. Invasive techniques consist of surgically placing electrodes or introducing thin needles inside the animal body [7] [8] [9] [10] . The caudal nerve has been used for nerve conduction studies in rats, for being easily accessed and long, enabling accurate measurement of distances 11, 12 . Some difficulties may arise in adjusting and fixating surface electrodes on the animal's relatively thin tail. There are not many electrophysiological studies on the rat caudal nerve during development. The objective of this work was to study electrophysiologically the rat caudal nerve during growth, using common "alligator" clips as stimulating and recording surface electrodes.
Methods
Twenty male 60 days of age albinos Wistar rats were studied. The animals were kept at the animal colony of the Department of Anatomy, Federal University of Pernambuco, under 25º C ambient temperature, 12 hr light /12 hr dark photoperiod, in collective plastic cages (maximum 5 animal per cage), maintenance diet and water ad libitum. Nerve conduction studies were performed at the Electroneuromyography Laboratory of the Clinics Hospital, Department of Neuropsychiatry, Federal University of Pernambuco, during 8 consecutive weeks, once a week.
Six alligator clips were attached to a formicated board in straight line at 3 centimeters distance from one another except the two central clips that were 2 cm from each other. Thus, the distance between the stimulating cathode and the non-inverting recording electrode was 8 cm, whereas the inter-electrode distance of the stimulating and recording pairs was 3 cm. The spring of the alligator clips were removed to prevent compression of the tail. After anesthesia using an intramuscular solution of Xylazin Chlorhydrate and Ketamin, 0.2 ml/100g weight, the animal was laid ventrally on the board. The tail was cleaned and degreased with 70% alcohol and fixed between the electrodes by us (Figure 1) . The distal pair of electrodes was used for stimulation, the proximal pair for recording and the connected central pair as the ground electrode. Thus, an orthodromic sensory nerve conduction technique was used. Before each recording the tail was heated with a dichroic lamp to 32° C, measured at a middle of the tail by an infrared thermometer (Doc Thermo; modelo n. HD -11; Comdek Industrial Corp.). This work was approved by the local ethical committee for animal research. The electrophysiological parameters studied were peakto-peak amplitude and onset latency nerve conduction velocity (NCV) of the sensory nerve action potential (SNAP). Measurements were taken 4 times and averaged together (Figure 1 ). The data was tabulated and analyzed using Microsoft Excel ® spreadsheet. Amplitudes and NCV were summarized as means and standard deviations. Linear regression was used to model the data.
Results
The amplitude and the NCV of the caudal nerve SNAP increased linearly between the 8th and the 15th week of animal life, from 29±6 µV to 85±13 µV and from 34±3 m/s to 44±4 m/s, (Figure 2 ). The equations of linear regressions were as followed: Amplitude (µV) = 8.1 × weeks -34 (R 2 = 0.99) and NCV (m/s) = 1.2 × weeks + 25 (R 2 = 0.86).
Discussion
Both amplitude and NCV showed a linear increase proportionate to the age of the animal. This linear increase is probably due to the development of rats' peripheral nervous system itself. The mechanism of the conduction changes with aging is uncertain. It is believed that three mechanisms are involved on large diameter myelinated axons, interdonal legth and nodal events 1 . There are not many electrophysiological studies of the caudal nerve of developing rats. Schmelzer and Low 1 , in their electrophysiological study on the effect of age on caudal nerve of Sprague-Dawley male rats, used a similar orthodromic technique but recorded with near the nerve fine steel needles. They observed that both the amplitude and the NCV were parabolic functions of age -they increased progressively until about 1 year and then declined. However, between the 8th week and the 15th week the function is virtually linear, as the quadratic component of the function is quite small (0.02 and 0.005 for NCV and amplitude respectively, per squared week).
During similar time frame Schmelzer and Low 1 NCV were about 4-8 m/s faster then ours. One possible explanation for this small but consistent discrepancy is that we kept the temperature of the tail at 32 o C whereas they kept it at 35 o C. As NCV increases a little more then 1 m/s per o C 12 the difference in temperature fairly predicts the difference found in NCV.
Schmelzer and Low 1 amplitudes were about 50% smaller than our amplitudes. Amplitude decreases about 0.04 µV per o C 12 , therefore the difference in tail temperature is not sufficient to explain the difference in NCV. Unfortunately, they did not report how the amplitudes were measured: baseline-to-peak or peak-to-peak. If it was baseline-to-peak it could explain why their amplitudes were smaller then our peak-to-peak amplitudes.
Conclusion
A non-invasive technique to perform sensory conduction studies in developing rats was described. Technique and data may be used as animal model in physiological and pathological studies. 
